
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=vbmd20

Behavioral Medicine

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/vbmd20

Psychological and Physiological Predictors of
Resilience in Navy SEAL Training

Andrew K. Ledford , Deirdre Dixon , Celeste Raver Luning , Brian J. Martin ,
Patti C. Miles , Meaghan Beckner , Drew Bennett , John Conley & Bradley C.
Nindl

To cite this article: Andrew K. Ledford , Deirdre Dixon , Celeste Raver Luning , Brian J. Martin ,
Patti C. Miles , Meaghan Beckner , Drew Bennett , John Conley & Bradley C. Nindl (2020)
Psychological and Physiological Predictors of Resilience in Navy SEAL Training, Behavioral
Medicine, 46:3-4, 290-301

To link to this article:  https://doi.org/10.1080/08964289.2020.1712648

Published online: 13 Aug 2020.

Submit your article to this journal 

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=vbmd20
https://www.tandfonline.com/loi/vbmd20
https://doi.org/10.1080/08964289.2020.1712648
https://www.tandfonline.com/action/authorSubmission?journalCode=vbmd20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=vbmd20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/08964289.2020.1712648
https://www.tandfonline.com/doi/mlt/10.1080/08964289.2020.1712648
http://crossmark.crossref.org/dialog/?doi=10.1080/08964289.2020.1712648&domain=pdf&date_stamp=2020-08-13
http://crossmark.crossref.org/dialog/?doi=10.1080/08964289.2020.1712648&domain=pdf&date_stamp=2020-08-13


Psychological and Physiological Predictors of Resilience in Navy
SEAL Training

Andrew K. Ledforda , Deirdre Dixonb , Celeste Raver Luninga , Brian J. Martinc , Patti C. Milesd,
Meaghan Becknerc, Drew Bennetta, John Conleya, and Bradley C. Nindlc

aLeadership, Ethics, and Law, U.S. Naval Academy; bTECO Energy Center for Leadership, Sykes College of Business, University of
Tampa, Tampa; cDepartment of Sports Medicine and Nutrition, University of Pittsburgh, Pittsburgh; dMaine Business School, University
of Maine

ABSTRACT
This research examines resilience from both cognitive and physiological perspectives and
the relative importance of resilience for progression within an extremely physical training
environment for 116 individuals. Our study provides a unique contribution as an examin-
ation of the combined effects of psychological and physiological resilience in the success of
individuals in the first phase of a military special operations training course, the Navy’s Basic
Underwater Demolition/SEAL (BUD/S) course. Our study used the Connor-Davidson
Resilience Scale (CD-RISC) for the psychological assessment and a blood sample to measure
the concentrations of cortisol, DHEA and BDNF, each associated with stress adaptation and
neuronal integrity. Our contributions include: heeding the call for more extensive research
for resilience, examining physiological markers as predictors in training situations, combining
psychological and physiological resilience into a single metric to assess resilience, and pro-
viding empirical support for the vital role of resilience in both stamina and persistence in
training. Our findings indicate that both psychological and physiological resilience can be
important predictors of persistence individually, but combining the measures provides a
more holistic view to predict the success of an individual in this intensive training program.
The present study has implications not only for the military community, but also for those
individuals seeking elite performance in a broad array of fields, like professional athletes,
CEO’s, and emergency response workers.
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Introduction

In the almost two decades of conflict following
September 11, 2001, resilience continues to be crit-
ically important to the United States Special
Operations Forces (SOF) consisting of Army Green
Berets, Navy SEALS, Marine Raiders, and Air Force
Pararescuemen, combat controllers, and aviators.1,2

Each of these elite units seek highly motivated candi-
dates and train under extreme conditions to assess
and prepare the operator for life in a SOF unit.
Individuals joining special operations units experience
stressors at the extreme ends of human mental, phys-
ical, and emotional endurance. Research suggests that
to be successful in such units, individuals must pos-
sess unique characteristics and traits, including an
“uncommon will to succeed”3(p148) and an uncanny
ability to persist without support in the face of great
adversity.3 This research examines resilience, a

psychological coping mechanism that fosters one’s
ability to recover from adversity,4 at the initial assess-
ment and selection course of the Navy’s
SOF component, Naval Special Warfare, also known
as the Navy SEALs. For this study, SEAL candidates
conducted self-assessments to record their psycho-
logical level of resilience as well as provided blood
samples for physiological biomarkers (brain-derived
neurotrophic factor (BDNF), dehydroepiandrosterone
(DHEA), and cortisol) of resilience. This study uti-
lized the demanding environment of SOF assessment
to study both the psychological and physiological
measures of resilience, which are often believed to be
the critical components for successful completion of
the selection process.

The study of resilience has been of particular inter-
est to the military in order to understand the import-
ance and benefits of resilience for military personnel
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negatively affected by sustained combat operations.5–7

Beyond the military, the study of resilience has inten-
sified over the last two decades with interest in using
data from research of resilience to generate a more
complete understanding of the construct to inform
policy and practice.8 Britt, Sinclair, and McFadden
suggest resilience is a combination of competence,
confidence, connection, character, contribution, cop-
ing and control, or an individual’s ability to maintain
a “positive adaptation in the face of adversity.”7(p3)

While psychological markers of resilience, defense
mechanisms, have been explored since the 1800 s and
the physiological markers, through homeostasis, have
been studied since the 1920s, the resilience construct
only emerged in the 1990s.9 Tusaie and Dyer9

believed that understanding resilience requires a
dynamic, interactive perspective, that takes on a holis-
tic approach to grasp the construct. Yet, most research
into resilience examines the construct from either a
psychological or physiological perspective; therefore,
providing a somewhat myopic viewpoint.

The psychological aspects of one’s coping ability
are often measured through self-assessment instru-
ments and interviews.8,10 Studies have indicated the
psychological resilience can be an indicator of per-
formance in various settings, most specifically in ath-
letics and academics.10–13 While research has been
conducted regarding psychological resilience within
military contexts,5,6,14,15 there have been few studies
on resilience within SOF selection and assessment,
and little research examining the underlying charac-
teristics of resilience for progression within the SOF,
and more specifically the SEAL community.
According to Matthews,16 resilience, as well as other
similar psychological constructs, requires more exten-
sive research within specific domains to explore the
role these characteristics and traits have in demanding
training situations. Since high stress is a component
of the normal work environment in the SOF commu-
nity and is especially present in SOF selection and
assessment training, the study of resilience, the pro-
cess of adapting to adversity and mitigating stress,17 is
of considerable importance to the SOF community.

Despite much discussion of the importance of
resilience for overcoming sources of stress or
trauma,4,8 there is still little understanding of the out-
comes or consequences of resilience.18 This lack of
understanding may stem from a lack of consensus
regarding whether resilience is considered an outcome
of facing adversity, or a process of adapting to adver-
sity.19 Connor and Davidson utilize a process
approach to resilience, where resilience represents an

individual’s ability to remain in bio-psychospiritual
homeostasis following disruptive and adverse events.20

Ultimately, one’s baseline resilience contributes to
how the individual responds to adversity and can be
further developed through that and/or other adverse
events. This study utilized this process approach to
psychological resilience, where one’s baseline resilience
may predict progression through an adverse event, as
adverse events occur on a weekly and often daily basis
during SOF selection and assessment rather than at
one traumatic moment in time. The extreme environ-
ment of the initial SEAL training known as Basic
Underwater Demolition/SEAL training, or BUD/S,
which is the assessment and selection training on the
pathway to become a SEAL, includes extensive phys-
ical exertion, activities with no-win outcomes, and a
continuous haranguing by instructors.21 In the inten-
sive training environment, it is often presumed that
one’s baseline psychological traits drive one’s persist-
ence and perseverance through the arduous training,
while at the same time being developed throughout
the process.

In contrast to the psychological assessment, the
physiological path to assessing resilience relies on
examining specific physiological markers of stress.9

Individuals entering BUD/S are already exceptional
athletes, but this training can have a profound effect
on their physiological processes as the body strives to
maintain homeostasis.22,23 A disruption of homeosta-
sis triggers the activation of the hypothalamo-
pituitary-adrenocortical (HPA) axis, the primary
hormonal response to stress.23 Stress resilience has
been associated with HPA-axis regulation, with an
optimal response during stress exposure accompanied
by termination of the stress response once the stressor
is no longer present.24 Among many hormones
involved, cortisol and dehydroepiandrosterone
(DHEA) are released from the adrenal cortex in
response to stress.25 Cortisol increases arousal, enhan-
ces vigilance, and mobilizes energy stores whereas
DHEA is known to offset the influence of cortisol,
providing anti-inflammatory and neuroprotective
effects.25,26

Previous research has demonstrated the importance
of DHEA and the DHEA-to-cortisol ratio in stress
resilience to prevent the harmful effects of prolonged
cortisol activation, such as immunosuppression, and
potentially buffer the severity of post-traumatic stress
disorder (PTSD).24–27 Additionally, both hormones
have been shown to have strong correlations with per-
formance during stressful military exercises.28,29 For
example, Morgan et al29 reported a positive
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relationship between baseline DHEA and performance
during a stressful underwater navigation test; espe-
cially applicable to the present study given the nature
of BUD/S and the large portion of training in and
under the water.

Along with DHEA and cortisol, brain-derived
neurotrophic factor (BDNF) has received considerable
attention with regard to stress resilience.30,31 The
brain is the primary organ of resilience as it is con-
tinuously receiving information from the environment
and directs multiple organ systems to adapt.32

Neurotrophic factors, specifically BDNF, are import-
ant in remodeling neural circuits to adapt to environ-
mental demands by enhancing synaptic plasticity,
neurogenesis, and neuronal survival.33 Chronic
stress has been demonstrated to down-regulate hippo-
campal BDNF and decreased circulating concentra-
tions of BDNF have been observed in depressed
patients.30,34,35 BDNF concentrations in blood plasma
have been shown to be significantly correlated with
hippocampal BDNF in several mammalian species.36

As a result, plasma BDNF concentrations may poten-
tially serve as a proxy marker of neural plasticity.
Interestingly, BDNF serves a similar function as
DHEA in hindering adverse effects of glucocorticoid
signaling from chronically elevated cortisol concentra-
tions.31 Given the profound physiological stress-
induced during BUD/S, these key biomarkers may
provide insight to biological variations to stress expos-
ure, potentially elucidating individuals possessing
stress resilience.

The purpose of this study was two-fold. One, to
assess the role that the psychological trait of resilience
plays in SEAL trainees’ progression through the
extremely rigorous phases of BUD/S training. Relative
to this portion of the study, a self-assessment measure
for resilience was utilized. Two, to utilize biomarkers
indicative of biological stress to elucidate the biological
signatures of physiological resilience. Relative to both
measures of resilience the primary objectives were 1)
identification of a predictive algorithm for resilience; 2)
validation of algorithm during acute high-stress mili-
tary conditions; and 3) exploration of biological indices
indicative of resilience against the psychological
stressors imposed during BUD/S. For this study,
SEAL candidates conducted self-assessments to
record their psychological level of resilience (i.e. the
Connor-Davidson Resilience scale20) as well as pro-
vided blood samples for physiological biomarkers
(BDNF, DHEA, and cortisol) of resilience.

To achieve these research objectives the study was
driven by three hypotheses. Given that resilience has

been found to affect one’s ability to withstand the
stresses of the military,15,28,29 it is logical to assert
those with higher resilience may have greater psycho-
logical and physiological tolerance of the rigors of
BUD/S, and thus have a greater propensity to success-
fully progress through training. Thus, it was
hypothesized:

Hypothesis 1: Successful completion of First Phase of
the BUD/S is positively related to psychological
measures of resilience.

Hypothesis 2: Successful completion of First Phase of
the BUD/S is positively related to physiological
biomarkers of resilience.

Because these traits manifest differently, it is also
logical to assert that individuals with a higher combin-
ation of psychological and physiological resilience will
demonstrate even greater tolerance of the rigors of
BUD/S training. Thus, it was hypothesized:

Hypothesis 3: Successful completion of First Phase of
the BUD/S is positively related to the sum of
psychological and physiological measures of Resilience.

Methods

Sample, recruitment, and data collection

The sample consisted of SEAL candidates as they pro-
gressed through BUD/S, a program designed to iden-
tify candidates who can tolerate a variety of stressors
while maintaining high physical and cognitive func-
tion.21,37 This study examined students during their
first two months of training, referred to as First
Phase. Despite having premier athletes as candidates,
the attrition rate during BUD/S is approximately
65–80%,38 with the fourth week, known as “Hell
Week” and one of the most arduous periods, having
the highest dropout rate for any single week during
training.21,37 The sample size began at 116 partici-
pants. The measures for psychological and biomarkers
for physiological resilience were collected during day
four of First Phase of BUD/S training. IRB approval
was granted through the primary researcher’s institu-
tion. The research team, all of whom live and work in
a different geographic location from San Diego,
California where the training is located, was an exter-
nal entity to the cadre who oversaw BUD/S training.
As such, the researchers played no role in determining
who completed BUD/S training. Prior to data collec-
tion, the relationship between the research team and
the study participants was clearly defined, indicating
that participation in the study played no role in
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students’ progression through BUD/S. Once the
research team was introduced to the BUD/S class, the
cadre of the class left the building, making it clear to
participants that this was a voluntary study and the
research team had no influence or power over the stu-
dents’ completion of the course. Each participant was
provided with an informed consent form which
included the purpose of the study, an explanation of
the procedures involved in the study, explanation of
anonymity, as well as emphasis regarding the volun-
tary nature of the study and the participants’ ability to
withdraw at any point from the study. Participants
were also verbally provided the details of the informed
consent by the primary researcher prior to the data
collection session.

The majority of applicants were under 23 and had
taken some college courses. Further, 83% were
enlisted sailors and 17% officers, 84% of the sample
identified as Caucasian, 5% as Hispanic or Latino, 2%
as multiple races, and about 1% each identified as
African American, Asian, and Native American or
Pacific Islander (Table 1). At the completion of First
Phase on the 54th day, the researchers obtained data
regarding who had successfully completed this initial
phase, those who withdrew or were eliminated due to
performance (dropped), and those who had medical
or administrative reasons for being unable to complete
First Phase (rolled). Of the 116 participants, 54 suc-
cessfully completed First Phase; approximately 57% of
the candidates who did not complete training were
voluntary withdrawals or had performance issues,
while the other 43% left for medical or administrative
reasons. The 57% of the candidates that withdrew or
had performance issues were of special interest for
this study as participants with potential deficiencies
in resilience.

Measures

Control variables
Common control variables include age, education, and
gender since they may affect the outcome variable of
interest.39 Historically, Navy SEAL trainees are a
homogeneous group, in which there is currently no
variability in gender and minimal difference in add-
itional demographics, such as race and education.
Further, researchers indicate that there should be spe-
cific reason behind the inclusion of any control varia-
bles in one’s analysis.40,41 As such, this study focused
specifically on two control variables, age and social
desirability. Age was utilized as a control for matur-
ation, in which an older individual may be more
prone to injury. Conversely, an older individual with
varied life experiences may respond differently to the
rigors of BUD/S.

One concern in social science research is with
respondents providing responses that those individuals
believe to be desirable and favorable.42,43 Responses of
this sort fall under what researchers consider social
desirability bias.43 The respondents were all in the
Navy, drawn to an occupation of selfless service, have
a high duty concept, and most are assumed to be
intrinsically motivated versus doing things for a
reward.44 However, due to the intensive selection pro-
cess for Navy SEALs, the researchers sought to control
for participants providing desirable and favorable
responses. In this study, the researchers focused on
scale selection, assessed instrument construction,
instrument administration, and utilized statistical con-
trol techniques with a social desirability scale as a
control variable.45,46 For this purpose, the Crowne
and Marlowe47 social desirability scale was utilized. It
is a 33-item scale which was utilized as a way to
examine the quality of participants’ responses and
mitigate the propensity to give the socially correct
answer, instead of the respondents’ true feelings. The
Cronbach alpha was a¼ 0.749 for the social desirabil-
ity scale.

Independent variables
The assessment of resilience involved two measures: a
self-report survey, which is a psychological assess-
ment of the resilience traits,20 and a blood draw to
determine levels of cortisol, DHEA, and BDNF as
physiological biomarkers that have been previously
associated with stress adaptation and neuronal
integrity.25,26,48 All measures for the present study
are well-known instruments in the research litera-
ture on resilience.

Table 1. Demographic table of participants representing edu-
cation, age, race (N¼ 116).
Demographic Number %

Education
High school 30 25.8%
1–3 years of college 30 25.8%
4 year degree 48 41.3%
Graduate education 6 5.1%

Age
17–23 58 50.0%
24–26 39 33.6%
27–35 19 16.3%

Race
Caucasian 97 83.6%
Multiple Races 8 6.8%
Hispanic or Latino 6 5.1%
African American 1 .9%
Asian 1 .9%
Native American or Pacific Islander 1 .9%
Identified as other race 2 1.7%
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Psychological measure of resilience
The psychological measure of resilience utilized was
the Connor-Davidson Resilience Scale (CD-RISC), a
25-item self-rating scale20 measuring each participant’s
agreement to statements designed to capture tacit
resilience. Questions reflect concepts such as adapt-
ability to change, past success and confidence, one’s
response to failure, sadness and fear, as well as the
ability to attain goals. The measure returns a resilience
rating of 0 to 100, with higher scores suggesting
greater psychological resilience.

The CD-RISC is a popular measure of resilience. A
study of the psychometric properties of the CD-RISC
in a sample of 53,692U.S. Air Force enlisted basic
trainees, confirmed strong internal consistency of the
scale and indicated its predictive validity relative to
attrition in military service.49 To test the internal con-
sistency of the CD-RISC in this study, the maximum
likelihood estimation was the model of choice. Factors
were extracted utilizing the fixed number of factors
method, with a direct Oblimin rotation.50 Direct
Oblimin rotation is of interest in this case because it
allows the axis to rotate other than orthogonally, as in
nature when factors are unrelated. Other factor ana-
lysis rotations require orthogonal correlations
(Varimax, Quartimax, and Promax). The output pro-
vides coefficients sorted by size, which helps the inter-
pretation of the factors. Previous literature supports
the utilization of this 25-item measure as one factor,49

and a Cronbach alpha was conducted for complete-
ness and found to be a¼ 0.817. Such a finding is con-
sistent with the literature for internal consistency and
reliability.51,52

Physiological indicators of resilience
For physiological indicators of resilience, a 21-gauge
needle (BD Vacutainer VR Eclipse and Vacutainer VR

one-use holder, Becton, Dickinson and Company,
Franklin Lakes, NJ) was used to collect 12mL of
blood at baseline data collection (First Phase, day 4)
and placed into appropriate collection tubes (SST and
EDTA BD VacutainerVR , Becton, Dickinson and
Company Franklin Lakes, NJ) by trained Navy corps-
men. Due to limited access to participants and the
rigorous training schedule, all participants’ blood was
drawn between 1600 and 1800 in a non-fasted, post-
physical exertion state. Serum was obtained from the
SST tubes by allowing the blood to clot for 30minutes
then centrifuged at 1500 g for 15minutes at room
temperature. Plasma obtained from EDTA tubes were
centrifuged immediately after collection at 1500 g for
15minutes at room temperature. Supernatant of

plasma and serum samples were aliquoted into
500mL Eppendorf tubes, packed on dry ice and
shipped overnight to a certified testing lab. Samples
were stored at -80 �C until ELISA assays were con-
ducted for DHEA (Eagle Biosciences, Amherst, NH),
cortisol (ALPCO, Salem, NH), and BDNF (EMD
Millipore, Bullerica, MA). All assays were conducted
in duplicate and all CV’s were below manufacturers
reported variance (10%) and above the assay level of
sensitivity, which was 0.15 ng/mL for DHEA, 0.4 mg/dl
for cortisol, 0.23 pg/mL for BDNF. There were four
independent variables indicative of physiological resili-
ence: DHEA, BDNF, cortisol, and a ratio of DHEA-
to-cortisol, resulting in an average of 109 observations
across the four variables.

Dependent variable
Given that the goal of this research was to determine
psychological and physiological factors that may influ-
ence one’s overall ability to complete the First Phase
of BUD/S, the comparison groupings for the Analysis
of Variance (ANOVA) were if a person was actively
enrolled in training on day 54, the final day of First
Phase. If a service member was not present on day 54,
he had either been dropped or rolled from training.
Dropping occurred when a service member quit,
underperformed, or was not mentally or physically
capable of completing training. Rolling occurred when
a service member was hurt, or otherwise unable to
continue (for many reasons), but they would rejoin
the training with a subsequent class. In the ANOVA,
the outcome was specified 0 for those who remained
in the training, and 1 for those who were no longer
with the original training class (dropped or rolled).

Because this research has two separate analyses, it
was necessary to operationalize the outcome variable
slightly differently for the regression models. To that
end, for the linear regression model the outcome vari-
able was operationalized as the number of days of
training a service member completed, creating a con-
tinuous outcome variable. In the sample the max-
imum days completed of training was 54, and the
minimum days completed was 6 days.

Data analysis

To determine the psychological and physiological dif-
ferences between those remaining in the training, it
was necessary to examine the data through the lens of
an ANOVA, and through a linear regression. Thus,
given both tests required the data to comply with the
central limit theorem, which suggests data should be
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normal, it was necessary to delete outliers in the data
set resulting in approximately 104 remaining partici-
pants, or a sample rate of 87%. The results include all
observations falling within 98.6% (plus or minus 2.5
standard deviations) from the mean.

Results

Descriptive statistics

The sample is described through the ANOVA in
Table 2 reflecting the control variable of social desir-
ability, as well as each participant’s concentrations of
BDNF, DHEA, cortisol, DHEA-to-cortisol ratio, and
psychological resilience. Only two of the five factors
showed statistically significant differences between
those who continued to be enrolled and those no lon-
ger enrolled (either dropped or rolled). Specifically,
the average concentrations of the biomarkers BDNF
and cortisol both suggest those who successfully com-
pleted First Phase have slightly higher levels of BDNF
(230.98 vs. 225.30 pg/mL) and cortisol (13.15 vs.
11.96 lg/dL) than those that were either dropped or
rolled, however, those values were not statistically sig-
nificantly different. Conversely, when considering the
binomial outcome of enrolled (meaning the candidate
remains enrolled), dropped/rolled (meaning the candi-
date was either dropped from training or rolled back
into a later training group) levels of DHEA were stat-
istically significantly different between groups (DHEA:
2.20 and 1.93 ng/mL, p< 0.01). Similarly, considering
the DHEA-to-cortisol ratio was also statistically sig-
nificantly higher in those who remained enrolled at
the end of First Phase versus those that were dropped

or rolled (DHEA-to-cortisol ratio: 0.211 vs 0.160,
p< 0.001). Interestingly, while psychological resilience
was not statistically significantly different for those
enrolled, versus those dropped or rolled, the measure
was statistically different when regression was utilized,
which is considered a higher-powered statistical test.

To address standardized effect sizes, the independ-
ent variables were considered in their standardized
forms. Of note, when the ratio of DHEA-to-Cortisol
is converted to a standardized z-score, it illuminated
the difference between the groups. For example, the
people who remained enrolled in BUD/S training had
an average DHEA-to-Cortisol ratio of 0.537, while
those who dropped or rolled had an average of
�0.324 (as provided in Table 2), a difference of
almost a standard deviation. Similarly, the psycho-
logical scale of resilience suggests those remaining
enrolled in BUD/S through First Phase have an aver-
age resilience score of 0.075, while those who dropped
or rolled had an average of �0.053. Written this way,
it is clear that while these are only two factors of
many involved in the road to completion of First
Phase of BUD/S, they seem to have played a role in
successful completion of this phase of training.

Regression analysis

Hypothesis 1 indicated that higher psychological
resilience would be observed in participants finishing
First Phase (54 days). Utilizing a hierarchical linear
regression model, Hypothesis 1 was supported. As
specified in Table 3, Model 2, after controlling for age
and social desirability, for each one unit increase in

Table 2. Descriptive statistics and analysis of variance (ANOVA) for biomarkers of resilience and psychological resilience.
Descriptive Statistics ANOVA

IV Outcome N Mean Std. Dev Std. Error 95% CI for the Mean F Sig

BDNF (pg/mL) Enrolled 45 230.98 70.88 10.57 (209.69; 252.28) 0.119 0.73
Dropped/ Rolled 63 225.30 66.04 8.32 (208.67; 241.93)
Total 108 227.67 67.83 6.53 (214.73; 240.61)

DHEA (ng/mL) Enrolled 45 2.20 0.63 0.09 (2.01; 2.39) 7.61 0.00�
Dropped/ Rolled 57 1.93 0.33 0.04 (1.85; 2.02)
Total 102 2.05 0.50 0.05 (1.95; 2.15)

Cortisol (ug/dL) Enrolled 45 13.15 6.97 1.04 (11.06; 15.25) 1.191 0.28
Dropped/ Rolled 62 11.96 4.38 0.56 (10.84; 13.07)
Total 107 12.46 5.62 0.54 (11.38; 13.54)

DHEA/Cortisol Enrolled 39 0.21 0.06 0.01 (0.19; 0.23) 20.882 0.00��
Dropped/ Rolled 55 0.16 0.05 0.006 (0.15; 0.17)
Total 94 0.18 0.06 0.006 (0.17; 0.19)

Psychological resilience Enrolled 47 83.66 7.87 1.15 (81.35; 85.97) 0.448 0.51
Dropped/ Rolled 66 82.64 8.11 0.998 (80.64; 84.63)
Total 113 83.06 7.99 0.75 (81.57; 84.55)

�p<.01.��p<.001.
Standardized values are provided in parentheses.

BEHAVIORAL MEDICINE 295



psychological resilience, we expect BUD/S candidates
to complete about 4.02 more days of training
(b ¼ 0:239Þ: The regression analysis suggested the
model containing age, social desirability, and one’s
psychological resilience accounted for about 9% of the
variance in one’s ability to remain enrolled in BUD/S
through First Phase [t¼ 2.265, p< 0.05]. The addition
of psychological resilience to the model with age and
social desirability (Model 2), provided an additional
explanation of 5.4% of the variance in days completed
beyond the model containing age and social desirabil-
ity alone (Model 1), statistically significant at
(DF¼ 5.128, p< 0.05).

To address the question posed in Hypothesis 2,
physiological biomarkers of resilience were examined
to investigate their relationship to one’s ability to
complete First Phase of BUD/S (54 days). In order to
operationalize the physiological manifestation of resili-
ence, a ratio of DHEA-to-cortisol was utilized. As can
be seen in Table 3, Model 3, after controlling for age
and social desirability, Hypothesis 2 was supported.
Specifically, for each one unit increase in the DHEA-
to-cortisol ratio, we expected to see an increase of
about 4.3 days of training (b ¼ 0:285Þ: Moreover, the
model that contained age, social desirability, and
DHEA-to-cortisol ratio (physiological resilience),
accounted for about 11.6% of the variance in one’s
ability to remain enrolled in BUD/S through the com-
pletion of First Phase [t¼ 2.834, p< 0.01]. The add-
ition of physiological resilience to the model with age
and social desirability (Model 3), provided an add-
itional explanation of 8.0% of the variance in days
completed in BUD/S beyond the model containing

age and social desirability alone (Model 1), statistically
significant at (DF¼ 8.032, p< 0.01).

Hypothesis 3 investigated the impact of psycho-
logical and physiological resilience on one’s ability
to successfully complete First Phase of BUD/S
(54 days). Utilizing a hierarchical linear regression
model and controlling for age and social desirability,
the present research found support for Hypothesis 3.
As is provided in Table 3, Model 4, after controlling
for age and social desirability, and utilizing the
standardized coefficients (due to the large scale dif-
ferences in the variables of psychological and physio-
logical resilience) for each one unit increase in
psychological and physiological resilience (DHEA-
to-cortisol ratio), there was an increase of about
8.2 days in BUD/S training. The results predict
approximately 17.2% of the variation in days com-
pleted during First Phase of BUD/S. The addition of
physiological resilience to the model with age, social
desirability, and psychological resilience (Model 4),
provided an additional explanation of 8.2% of the
variance in days completed in BUD/S beyond the
model containing age, social desirability, and psy-
chological resilience (Model 2), statistically signifi-
cant at (DF¼ 8.526, p< 0.01).

It is also important to note that in the ANOVA
table (Table 2) DHEA, and DHEA-to- Cortisol were
both statistically different for the two groups: enrolled,
and dropped/rolled. However, when a more sensitive
statistical test was utilized (the regression model) with
a continuous outcome variable, we see statistical sig-
nificance associated with the psychological measure of
resilience as well.

Table 3. Linear regressions for psychological resilience, biomarkers of physiological resilience, and psychological and physiological
markers of resilience.

Model 1 Model 2 Model 3 Model 4

B SE B b t Sig B SE B b t Sig B SE B b t Sig B SE B b t Sig

Age 0.80 0.47 0.18 1.70 0.09 0.91 0.46 0.20 1.96 0.05 0.71 0.45 0.16 1.58 0.12 0.86 0.44 0.19 1.93 0.06
Social
Desirability �0.17 0.34 �0.05 �0.51 0.61 0.01 0.34 0.004 0.04 0.97 �0.20 0.32 �0.06 �0.62 0.54 �0.04 0.33 �0.01 �0.11 0.914
Psychological
Resilience 0.44 0.19 0.24 2.27 0.03� 0.42 0.19 0.23 2.29 0.02�
DHEA/Cortisol 72.26 25.50 0.29 2.83 0.01�� 73.55 25.19 0.29 2.92 0.00��
F 1.666 0.20 2.872 0.04� 3.841 0.01� 4.472 0.00��
R2 0.036 0.090 0.116 0.172
Adjusted R2 0.015 0.059 0.086 0.134
DR2 0.054 0.080 0.082
DF 5.128 0.03� 8.032 0.01�� 8.526 0.00��
N¼ 90.�p < .05.��p < .01.
Outcome variable was measured as days of training completed, the minimum days of training completed was 6 days and the maximum days completed
was 54 days.

DR2 for Model 2 and Model 3 is relative to the change from Model 1.
DR2 for Model 4 is relative to the change from Model 2.
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Discussion

This study provides a unique contribution to the lit-
erature as it examines one of the military’s most ardu-
ous and stressful training environments in which
resilience plays a critical role in successful completion.
It is part of the emerging research into the combined
measures of psychological and physiological manifes-
tations of resilience.53 In addition, this study provides
a contribution to the literature in four important
ways. First, it addresses Matthews’16 call for more
extensive research into the psychological resilience
construct within demanding training. Second, it con-
tributes to the nascent literature into physiological
biomarkers for resilience and how those markers may
be utilized as predictive of performance. As such, it
addresses Os�orio et al’s48 implication that understand-
ing the physiological markers of resilience may assist
researchers in establishing a resilient profile for indi-
viduals who operate in high-stress environments.
Third, this study has determined that combining the
psychological and physiological resilience into a single
metric has a greater ability to assess resilience as both
a cognitive and physiological measure. Fourth, this
study validates with empirical evidence the import-
ance resilience plays in the completion of extremely
demanding military training.

In this study, each of three hypotheses were sup-
ported. The first hypothesis was that success in First
Phase was positively related to psychological resilience.
Findings suggested the model with psychological
resilience accounted for 9.0% of the variance in one’s
ability to complete First Phase. Although different in
context and methodological approach, this finding
provides support for studies that have examined the
role psychological resilience plays in performance.10–13

Windle18 contended that despite much research and
interest into resilience, there are deficiencies in the
research relative to the outcomes or consequences of
resilience. This study begins to address some of those
deficiencies. Utilizing a process perspective of psycho-
logical resilience,20 the researchers theorized individu-
als have a baseline level of psychological resilience,
which would contribute to an individual’s ability to
persist through arduous training. The findings from
this study supported this theory, those with higher
levels of baseline resilience were more apt to persist to
Second Phase. Future research should expand upon
this process perspective of psychological resilience by
examining how baseline resilience develops over time
in arduous training situations such as BUD/S.

The second hypothesis, completion of First Phase is
positively related to physiological biomarkers of

resilience, was also supported. In this study, the model
with DHEA-to-cortisol ratio, physiological resilience,
accounted for 11.6% of the variance in one’s ability to
successfully complete First Phase. This ratio represents
a surrogate for the relative proportion of anabolic to
catabolic hormones,28 in which DHEA counters the
harmful effects of sustained elevated cortisol.26

Therefore, it is plausible that a higher DHEA-to-
cortisol ratio is advantageous for physiological stress
management during rigorous training. Similarly, pre-
vious research has demonstrated increased DHEA-S
(the sulfate derivative of DHEA)-to-cortisol ratios in
active duty soldiers were associated with higher levels
of performance during acute stress exposure in mili-
tary survival school.28 Likewise, in a similar study,
baseline DHEA and DHEA-S were significant predic-
tors of performance in an underwater navigation task
during a combat diver qualification course.29 As sug-
gested by Shia et al.,54 this ratio may not only help to
identify resilient operators, but also to monitor oper-
ator stress, and provide insight to strategies geared
toward improving the DHEA-to-cortisol ratio.

The third hypothesis was also supported, comple-
tion of First Phase was positively related to the sum
of psychological and physiological resilience. The
model with the combination of psychological resili-
ence and DHEA-to-cortisol ratio accounted for 17.2%
of the variance in one’s ability to complete the first
two months of BUD/S. Ultimately, this finding indi-
cates that both psychological and physiological resili-
ence are contributors to successful completion of
difficult training environments. The holistic combin-
ation of the psychological and physiological aspects of
resilience is just emerging in the literature.53 In one of
the early studies that combined psychological indica-
tors of resilience with physiological, Tugade and
Fredrickson55 revealed that higher levels of psycho-
logical resilience contribute to one’s ability to recover
in a cardiovascular manner, a physiological marker
of resilience.

Although the study indicated that 17.2% of the
variance in the completion of training was accounted
for by the combination of psychological and physio-
logical resilience, there are indeed other factors that
contribute to successfully progressing through BUD/S
training. One of the other factors that could contrib-
ute is the specific class dynamic that either enhances
or erodes individual resilience. Social support is a
known pillar of individual resilience 24,56 and the
inter-student support does vary and provides a large
contribution to getting through training. Another fac-
tor that can also be a contributor to variability in
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successful completion is the instructor intensity.
Although there have been efforts to provide a consist-
ent intensity to training, there is some variability with
certain instructors that bring a higher level of stress
on the students than others. The make-up of the
instructor staff changes in small increments from class
to class can also provide some level of variability in
the results. Finally, the cycle of weather is also
believed to be a factor that may impact resilience to
some degree. Within the SEAL Teams, there is a point
of pride associated when each trainee experienced
Hell Week, either in the summer or winter. Although
the San Diego weather and temperature of the Pacific
Ocean do not change dramatically over the seasons, it
is enough to alter the conditions for the students.
These external factors represent some of the other
possible elements that could account for the additional
variance in the trainees’ ability to continue through
BUD/S training.

Overall, it can be said that this study contributes to
a broader understanding of the resilience construct.
By examining resilience from both a psychological
and physiological standpoint, this study provides
empirical support for a dual structure of resilience as
a dynamic, interactive process that is comprised of
both psychological and physiological elements in lieu
of simply one or the other.9,53 Essentially, viewing
resilience through a singular lens limits the under-
standing of resilience as a dynamic process.9,48,53 With
these findings, more research may provide additional
insights into the role of psychological and physio-
logical resilience in SOF and other population groups
enduring reoccurring stressful and arduous experien-
ces, such as competitive athletes, emergency person-
nel, and medical professionals. Further, continued
research is encouraged in psychological and physio-
logical resilience as individual constructs, as well as a
combined measure.

While this study provides a unique contribution to
the literature, there are several limitations that must
be noted. First, psychological resilience was self-
reported. A concern with self-report measures is that
respondents may provide responses that they believe
to be desirable and favorable.43,46 In an effort to min-
imize the impression management responses some-
times occurring with self-report scales, a social
desirability measure was included to control for this
risk.46 Second, due to scheduling limitations, the data
was collected in the late afternoon on day four of
First Phase. Relative to psychological resilience, there
is the potential that the trainees took a different view-
point of the items that measured resilience a few days

after the rigorous training began than they would
have prior to the start of training. Relative to the bio-
markers of resilience, acute exercise has been shown
to increase concentrations of BDNF,57 as well as diur-
nal and exercise related fluctuations in both DHEA
and cortisol. Thus, there is the potential that the indi-
cators for resilience may have been different if col-
lected the day before BUD/S commenced. The third
limitation relates to the amount of baseline data col-
lected for each participant. Due to the limited amount
of time provided to collect data, it was only possible
to collect basic demographic data. More detailed
qualitative information regarding participants’ past
history, experiences with hardship, and family back-
ground would have added to the robustness of this
study, but was not possible due to scheduling
restraints related to participants’ training schedule.
The fourth limitation of this study relates to generaliz-
ability. As this is the first study of its type focused on
United States SOF, specifically BUD/S trainees, the
homogeneity was helpful in the development of this
research, but it is not clear if the findings from this
preliminary study would be representative of other
training programs.

Conclusions

This study contributes to the nascent research into
identifying biomarkers for resilience,26,29,48 thus, con-
tributing to a resilient profile from a physiological
perspective. Further, the finding of the combination of
psychological and physiological resilience explained
almost twice the variance than either psychological or
physiological resilience alone and provided support
for this unique two-pronged approach to resilience in
demanding training. It should be noted, however, that
even when considering the psychological and physio-
logical manifestations of resilience, about 80% of the
variance is unexplained. While the results are encour-
aging, it is important that they be considered as
merely the beginning to a larger body of research.
Research should continue to focus on strengthening
the data presented, through replication studies, as well
as investigate additional measures of traits and charac-
teristics, such as grit, hardiness, and mindfulness, that
may further elucidate how one is able to progress
through arduous training environments.

Acknowledgments

Sincere appreciation is extended for the support and assist-
ance of Dr. Doug Forcino, Ed Deagle, Heather Calvert,
Robert Nalepa, Doug Carroll, and Mike McMahon. This

298 A. K. LEDFORD ET AL.



research would not be possible without your tireless efforts.
Finally, special appreciation is given to the men and women
of the Naval Special Warfare Center, whose cooperation
and flexibility were essential to this work teams.

Funding

This work was generously supported by the Joint Special
Operations University, the Special Operations Command’s
Preservation of the Force and Family Task Force, and
the University of Pittsburgh’s Neuromuscular Research
Laboratory.

ORCID

Andrew K. Ledford http://orcid.org/0000-0001-
9103-8298
Deirdre Dixon http://orcid.org/0000-0001-9242-5134
Celeste Raver Luning http://orcid.org/0000-0002-
5483-6757
Brian J. Martin http://orcid.org/0000-0002-7243-4559

References

1. Feickert A. U.S. Special Operations Forces (SOF):
Background and Issues for Congress. https://crsre-
ports.congress.gov/product/pdf/RS/RS21048. Updated
March 28, 2019. Accessed July 26, 2019.

2. Johnson M. The growing relevance of special opera-
tions forces in U.S. military strategy. Comp Strategy.
2006;25(4):273–296. doi:10.1080/01495930601028622.

3. Tucker D, Lamb CJ. United States Special Operations
Forces. New York, NY: Columbia University Press;
2007.

4. Rutter M. Psychosocial resilience and protective
mechanisms. Am J Orthopsychiatry. 1987;57(3):
316–331. doi:10.1111/j.1939-0025.1987.tb03541.x.

5. Maguen S, Turcotte DM, Peterson AL, et al.
Description of risk and resilience factors among mili-
tary medical personnel before deployment to Iraq. Mil
Med. 2008;173(1):1–9. doi:10.7205/MILMED.173.1.1.

6. Meredith LS, Sherbourne CD, Gaillot SJ, et al.
Promoting psychological resilience in the U.S. Rand
Health Q. 2011;1(2):2.

7. Britt TW, Sinclair RR, McFadden AC. Introduction:
the meaning and importance of military resilience In:
Sinclair RR, Britt TW, eds. Building Psychological
Resilience in Military Personnel. Washington, DC:
American Psychological Association; 2013:3–17.

8. Windle G, Bennett KM, Noyes J. A methodological
review of resilience measurement scales. Health Qual
Life Outcomes. 2011;9(1):8.

9. Tusaie K, Dyer J. Resilience: a historical review of the
construct. Holist Nurs Pract. 2004;18(1):3–8. doi:10.
1097/00004650-200401000-00002.

10. Sarkar M, Fletcher D. Ordinary magic, extraordinary
performance: psychological resilience and thriving in

high achievers. Sport Exerc Perform. 2014;3(1):46–60.
doi:10.1037/spy0000003.

11. Fletcher D, Sarkar M. A grounded theory of psycho-
logical resilience in Olympic champions. Psychol Sport
Exerc. 2012;13(5):669–678. doi:10.1016/j.psychsport.
2012.04.007.

12. Kotz�e M, Kleynhans R. Psychological well-being and
resilience as predictors of first-year students’ academic
performance. J Psychol Afr. 2013;23(1):51–59. doi:10.
1080/14330237.2013.10820593.

13. Ayala JC, Manzano G. Academic performance of
first-year university students: the influence of resili-
ence and engt. High Educ Res Dev. 2018;37(7):
1321–1335. doi:10.1080/07294360.2018.1502258.

14. Pietrzak RH, Johnson DC, Goldstein MB, et al.
Psychological resilience and postdeployment social
support project against traumatic stress and depres-
sive symptoms in soldiers returning from Operations
Enduring Freedom and Iraqi Freedom. J Spec Oper
Med. 2009;9(3):79.

15. Jha A, Morrison AB, Parker SC, et al. Practice is pro-
tective: mindfulness training promotes cognitive resili-
ence in high-stress cohorts. Mindfulness. 2017;8(1):
46–58. doi:10.1007/s12671-015-0465-9.

16. Matthews MD. Toward a positive military psychology.
Mil Psychol. 2008;20(4):289–298. doi:10.1080/
08995600802345246.

17. Luthar SS, Cicchetti D, Becker B. The construct of
resilience: a critical evaluation and guidelines for
future work. Child Dev. 2000;71(3):543–562. doi:10.
111/1467-8624.00164.

18. Windle G. What is resilience? A review and concept
analysis. Rev Clin Gerontol. 2011;21(2):152–169. doi:
10.1017/S0959259810000420.

19. Kolar K. Resilience: revisiting the concept and its util-
ity in social research. Int J Ment Health Addict. 2011;
9(4):421–433. doi:10.1007/s11469-011-9329-2.

20. Connor KM, Davidson J. Development of a new
resilience scale: the Connor-Davidson Resilience Scale
(CD-RISC). Depress Anxiety. 2003;18(2):71–82. doi:10.
1002/da.10113.

21. Lieberman HR, Tharion WJ, Shukitt-Hale B, et al.
Effects of caffeine, sleep loss, and stress on cognitive
performance and mood during US Navy SEAL train-
ing. Psychopharmacology. 2002;164(3):250–261. doi:10.
1007/s00213-002-1217-9.

22. Herman JP, McKlveen JM, Solomon MB, et al. Neural
regulation of the stress response: glucocorticoid feed-
back mechanisms. Braz J Med Biol Res. 2012;45(4):
292–298. doi:10.1590/S0100-879X2012007500041.

23. Herman JP, McKlveen JM, Ghosal S, et al. Regulation
of the hypothalamic-pituitary-adrenocortical stress
response. Compr Physiol. 2016;6(2):603–621. doi:10.
1002/cphy.c150015.

24. Ozbay F, Johnson DC, Dimoulas E, et al. Social sup-
port and resilience to stress: from neurobiology to
clinical practice. Psychiatry (Edgmont). 2007;4(5):
35–40.

BEHAVIORAL MEDICINE 299

https://crsreports.congress.gov/product/pdf/RS/RS21048
https://crsreports.congress.gov/product/pdf/RS/RS21048
https://doi.org/10.1080/01495930601028622
https://doi.org/10.1111/j.1939-0025.1987.tb03541.x
https://doi.org/10.7205/MILMED.173.1.1
https://doi.org/10.1097/00004650-200401000-00002
https://doi.org/10.1097/00004650-200401000-00002
https://doi.org/10.1037/spy0000003
https://doi.org/10.1016/j.psychsport.2012.04.007
https://doi.org/10.1016/j.psychsport.2012.04.007
https://doi.org/10.1080/14330237.2013.10820593
https://doi.org/10.1080/14330237.2013.10820593
https://doi.org/10.1080/07294360.2018.1502258
https://doi.org/10.1007/s12671-015-0465-9
https://doi.org/10.1080/08995600802345246
https://doi.org/10.1080/08995600802345246
https://doi.org/10.111/1467-8624.00164
https://doi.org/10.111/1467-8624.00164
https://doi.org/10.1017/S0959259810000420
https://doi.org/10.1007/s11469-011-9329-2
https://doi.org/10.1002/da.10113
https://doi.org/10.1002/da.10113
https://doi.org/10.1007/s00213-002-1217-9
https://doi.org/10.1007/s00213-002-1217-9
https://doi.org/10.1590/S0100-879X2012007500041
https://doi.org/10.1002/cphy.c150015
https://doi.org/10.1002/cphy.c150015


25. Russo SJ, Murrough JW, Han MH, et al.
Neurobiology of resilience. Nat Neurosci. 2012;15(11):
1475–1484. doi:10.1038/nn.3234.

26. Charney DS. Psychobiological mechanisms of resili-
ence and vulnerability: implications for successful
adaptation to extreme stress. Am J Psychiatry. 2004;
161(2):195–216. doi:10.1176/appi.ajp.161.2.195.

27. Rasmusson AM, Vythilingam M, Morgan CA. The
neuroendocrinology of posttraumatic stress disorder:
new directions. CNS Spectr. 2003;8(9):651–656. doi:10.
1017/S1092852900008841.

28. Morgan CA, Southwick S, Hazlett G, et al.
Relationships among plasma dehydroepiandrosterone
sulfate and cortisol levels, symptoms of dissociation,
and objective performance in humans exposed to
acute stress. Arch Gen Psychiatry. 2004;61(8):819–825.
doi:10.1001/archpsyc.61.8.819.

29. Morgan CA, Rasmusson A, Pietrzak RH, et al.
Relationships among plasma dehydroepiandrosterone
and dehydroepiandrosterone sulfate, cortisol, symp-
toms of dissociation, and objective performance in
humans exposed to underwater navigation stress. Biol
Psychiatry. 2009;66(4):334–340. doi:10.1016/j.biopsych.
2009.04.004.

30. Taliaz D, Loya A, Gersner R, et al. Resilience to
chronic stress is mediated by hippocampal brain-
derived neurotrophic factor. J Neurosci. 2011;31(12):
4475–4483. doi:10.1523/JNEUROSCI.5725-10.2011.

31. Linz R, Puhlmann LMC, Apostolakou F, et al.
Acute psychosocial stress increases serum BDNF levels:
an antagonistic relation to cortisol but no group differ-
ences after mental training. Neuropsychopharmacology.
2019;44(10):1797–1804. doi:10.1038/s41386-019-0391-y.

32. Karatsoreos IN, McEwen BS. Psychobiological allosta-
sis: resistance, resilience and vulnerability. Trends
Cogn Sci. 2011;15(12):576–584. doi:10.1016/j.tics.2011.
10.005.

33. Rothman SM, Mattson MP. Activity-dependent,
stress-responsive BDNF signaling and the quest for
optimal brain health and resilience throughout the
lifespan. Neuroscience. 2013;239:228–240. doi:10.1016/
j.neuroscience.2012.10.014.

34. Duman RS, Monteggia LM. A neurotrophic model
for stress-related mood disorders. Biol Psychiatry.
2006;59(12):1116–1127. doi:10.1016/j.biopsych.2006.
02.013.

35. Shimizu E, Hashimoto K, Okamura N, et al.
Alterations of serum levels of brain-derived neuro-
trophic factor (BDNF) in depressed patients with or
without antidepressants. Biol Psychiatry. 2003;54(1):
70–75. doi:10.1016/S0006-3223(03)00181-1.

36. Klein AB, Williamson R, Santini MA, et al. Blood
BDNF concentrations reflect brain-tissue BDNF levels
across species. Int J Neuropsychopharm. 2011;14(03):
347–353. doi:10.1017/S1461145710000738.

37. Tharion W, Shukitt-Hale B, Coffey B, et al. The use
of caffeine to enhance cognitive performance, reac-
tion time, vigilance, rifle marksmanship and mood
states in sleep-deprived Navy SEAL (BUD/S) train-
ees. https://apps.dtic.mil/dtic/tr/fulltext/u2/a331982.

pdf. Published October 1997. Accessed August 13,
2019.

38. Taylor MK, Miller A, Mills L, et al. Predictors of suc-
cess in basic underwater demolition/SEAL (BUD/S)
training-part 1: what do we know and where do
we go from here? https://pdfs.semanticscholar.org/
2561/792f59a5ab6557a7c74aff5b33b1eaf53b34.pdf.
Published October 20, 2006. Accessed August 26,
2019.

39. Dixon DP, Weeks M, Boland R, et al. In Extremis
leadership: a study of effects in different contexts.
AJM. 2019;19(3):35–63. doi:10.33423/ajm.v19i3.2188.

40. Becker TE. Potential problems in the statistical
control of variables in organizational research: a
qualitative analysis with recommendations.
Organizational Res Methods. 2005;8(3):274–289. doi:
10.1177/1094428105278021.

41. Becker TE, Atinc G, Breaugh JA, et al. Statistical con-
trol in correlational studies: 10 essential recommenda-
tions for organizational researchers. J Organiz Behav.
2016;37(2):157–167. doi:10.1002/job.

42. Hays RD, Hayashi T, Stewart AL. A five-item measure
of socially desirable response set. Educ Psychol Meas.
1989;49(3):629–636. doi:10.1177/001316448904900315.

43. Nederhof AJ. Methods of coping with social desirabil-
ity bias: a review. Eur J Soc Psychol. 1985;15(3):
263–280. doi:10.1002/ejsp.2420150303.

44. Thomas K, Jansen E. Intrinsic Motivation in the
Military: Models and Strategic Importance. Monterey,
CA: Naval Postgraduate School; 1996.

45. King MF, Bruner GC. Social desirability bias: a neglected
aspect of validity testing. Psychol Mark. 2000;17(2):79–103.
doi:10.1002/(SICI)1520-6793(200002)17:2< 79::AID-
MAR2> 3.0.CO;2-0.

46. Gittelman S, Lange V, Cook WA, et al. Accounting
for social-desirability bias in survey sampling: a model
for predicting and calibrating the direction and mag-
nitude of social-desirability bias. J Advertising Res.
2015;55(3):242–254. doi:10.2501/JAR-2015-006.

47. Crowne DP, Marlowe DA. A new scale of social
desirability independent of pathology. J Consult
Psychol. 1960;24(4):349–354. doi:10.1037/h0047358.

48. Os�orio C, Probert T, Jone E, et al. Adapting to stress:
understanding the neurobiology of resilience. Behav
Med. 2017;43(4):307–322. doi:10.1080/08964289.

49. Bezdjian S, Schneider KG, Burchett D, et al.
Resilience in the United States Air Force: psychomet-
ric properties of the Conner-Davidson Resilience
Scale (CD-RISC). Psychol Assessment. 2017;29(5):
479–485. doi:10.1037/pas0000370.

50. Jackson JE. Oblimin rotation. In: Armitage P, Colton
T, eds. Encyclopedia of Biostatistics. 2nd ed.
Chichester, UK: John Wiley & Sons; 2005:6.

51. Bland JM, Altman DG. Statistics notes: Cronbach’s
alpha. BMJ. 1997;314(7080):572–572. doi:10.1136/bmj.
314.7080.572.

52. Tavokol M, Dennick R. Making sense of Cronbach’s
alpha. Int J Medical Educ. 2011;2:53–55. doi:10.5116/
ijme.4dfb.8dfd.

300 A. K. LEDFORD ET AL.

https://doi.org/10.1038/nn.3234
https://doi.org/10.1176/appi.ajp.161.2.195
https://doi.org/10.1017/S1092852900008841
https://doi.org/10.1017/S1092852900008841
https://doi.org/10.1001/archpsyc.61.8.819
https://doi.org/10.1016/j.biopsych.2009.04.004
https://doi.org/10.1016/j.biopsych.2009.04.004
https://doi.org/10.1523/JNEUROSCI.5725-10.2011
https://doi.org/10.1038/s41386-019-0391-y
https://doi.org/10.1016/j.tics.2011.10.005
https://doi.org/10.1016/j.tics.2011.10.005
https://doi.org/10.1016/j.neuroscience.2012.10.014
https://doi.org/10.1016/j.neuroscience.2012.10.014
https://doi.org/10.1016/j.biopsych.2006.02.013
https://doi.org/10.1016/j.biopsych.2006.02.013
https://doi.org/10.1016/S0006-3223(03)00181-1
https://doi.org/10.1017/S1461145710000738
https://apps.dtic.mil/dtic/tr/fulltext/u2/a331982.pdf
https://apps.dtic.mil/dtic/tr/fulltext/u2/a331982.pdf
https://pdfs.semanticscholar.org/2561/792f59a5ab6557a7c74aff5b33b1eaf53b34.pdf
https://pdfs.semanticscholar.org/2561/792f59a5ab6557a7c74aff5b33b1eaf53b34.pdf
https://doi.org/10.33423/ajm.v19i3.2188
https://doi.org/10.1177/1094428105278021
https://doi.org/10.1002/job
https://doi.org/10.1177/001316448904900315
https://doi.org/10.1002/ejsp.2420150303
https://doi.org/10.1002/(SICI)1520-6793(200002)17:279::AID-MAR23.0.CO;2-0
https://doi.org/10.1002/(SICI)1520-6793(200002)17:279::AID-MAR23.0.CO;2-0
https://doi.org/10.2501/JAR-2015-006
https://doi.org/10.1037/h0047358
https://doi.org/10.1080/08964289
https://doi.org/10.1037/pas0000370
https://doi.org/10.1136/bmj.314.7080.572
https://doi.org/10.1136/bmj.314.7080.572
https://doi.org/10.5116/ijme.4dfb.8dfd
https://doi.org/10.5116/ijme.4dfb.8dfd


53. Nindl BC, Billing DC, Drain JR, et al. Perspectives on
resilience for military readiness and preparedness:
report of an international military physiology round-
table. J Sci Med Sport. 2018;21(11):1116–1124. doi:10.
1016/j.jsams.2018.05.005.

54. Shia RM, Hagen JA, McIntire LK, et al. Individual differ-
ences in biophysiological toughness: sustaining working
memory during physical exhaustion. Mil Med. 2015;
180(2):230–236. 2015; doi:10.7205/MILMED-D-14-00363.

55. Tugade MM, Fredrickson BL. Resilient individuals use
positive emotions to bounce back from negative

emotional experiences. J Pers Soc Psychol. 2004;86(2):
320–333. doi:10.1037/0022-3514.86.2.320.

56. Southwick SM, Sippel L, Krystal J, et al. Why are
some individuals more resilient than others: the role
of social support. World Psychiatry. 2016;15(1):77–79.
doi:10.1002/wps.20282.

57. Devenney KE, Guinan EM, Kelly AM, et al. Acute
high-intensity aerobic exercise affects brain-derived
neurotrophic factor in mild cognitive impairment: a
randomised controlled study. BMJ Open Sport Exerc
Med. 2019;5(1):e000499.

BEHAVIORAL MEDICINE 301

https://doi.org/10.1016/j.jsams.2018.05.005
https://doi.org/10.1016/j.jsams.2018.05.005
https://doi.org/10.7205/MILMED-D-14-00363
https://doi.org/10.1037/0022-3514.86.2.320
https://doi.org/10.1002/wps.20282

	Abstract
	Introduction
	Methods
	Sample, recruitment, and data collection
	Measures
	Control variables
	Independent variables
	Psychological measure of resilience
	Physiological indicators of resilience
	Dependent variable

	Data analysis

	Results
	Descriptive statistics
	Regression analysis

	Discussion
	Conclusions
	Acknowledgments
	References


